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(54) Antenna device and radio device comprising the same 

(57) The invention provides an antenna device (1), 
comprising: a substrate (2) made of an insulation mate- 
rial and including a first major surlace arxi a second 
major surface face; a ground electrode (2a) provided 
substantially on the whole of tiie first rrrajor surface of 
said substrate (2); and an inverted F-shape antenna (3) 
and a microstrip antenna (4) respectively provided on 
the surface of the substrate (2). An open end of a radia- 
tion electrode (4a) of the microstrip antenna (4) and a 
feeding electrode (3c) of the inverted F-shape antenna 
(3) are capacitively coupled to each other. A first direc- 
tion (3x) through the open end and ground end of the 
radiation electrode (3a) of the inverted F-shape antenna 
(3) is substantially perpendicular to a second direction 
(4x) through the open end and ground end of the radia- 
tion electrode (4a) of the microstrip antenna (4). By the 
above arrangement a mutual interference hardly 
occurs between the two antennas (3. 4). 
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(54) Antenna device and radio device comprising tiie same 



(57) The invention provides an antenna device (1). 
comprising: a sut)strate (2) made of an insulation mate- 
rial and including a first major surface and a second 
major surface face; a ground electrode (2a) provided 
substantially on the wfxsle of the first major surface of 
said substrate (2); and an inverted F-shape antenna (3) 
and a microstrip antenna (4) respectively provided on 
the surface of the substrate (2). An open end of a radia- 
tion electrode (4a) of the microstrip antenna (4) and a 
feeding electrode (3c) of the inverted F-shape antenna 



Fig. 1 



(3) are capacttively coupled to each other. A first direc* 
tion (3x) through the open end and ground end of the 
radiation electrode (3a) of the inverted F-shape antenna 
(3) is substantially perpendicular to a second direction 
(4x) through the open end and ground end of the radia- 
tion electrode (4a) of the miaostrip antenna (4). By the 
above arrangement, a mutual interference hardly 
occurs between the two antennas (3. 4). 
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Description 

1 Raid of the Invention 

[0001] The present invention relates to an antenna 
device and a radio device comprising the sanae. and 
more particularly, to an antenna device adapts to use 
with two frequency bands and a radio device comprising 
the same. 

2. Related Art 

[00D2] FIG. 6 shows an antenna device adapts to 
use with two frequency bands, which is a prior art of the 
present invention. In the antenna device 40 shown in 
FIG. 6. two dipoie antennas 41. 42 of which the reso- 
nant frequencies are different are arrangoi at an inter- 
val and connected to one signal supply 43. The antenna 
device can be so constructed as to be adapted to use 
with two frequency bands by arranging the two dipoie 
antennas having different resonant frequencies as 
described above. 

[0003] Furthermore, another antenna device which is 
also a prior art of the invention is shown in FIG. 7. Its 
basic arrangement is disclosed in Japanese Unexam- 
ined Patent Publication No. 7-12832. It should be noted 
that this antenna device was arranged in order to be 
used with a wider frequency band rather than with two 
frequertcy bands. 

[0004] An antenna device 50 shown in FIG. 7 com- 
prises a ground board 51. and an invertaJ F-shape 
antenna 52. and a microstrip antenna 53 ananged on 
the ground board 51 . The inverted F-shape antenna 52 
includes a f irst radiation conductor 52a having a rectan- 
gular shape arxj a length substantially ojuai to a quar- 
ter-wavelength, of which one end is open and the other 
end is connected to the ground board 51 through a first 
connecting conductor 52b whereby the other end func- 
tions as a ground end. and a feeding conductor 52c pro- 
vidai in the vicinity of the ground end of the first 
radiation conductor 52a and having one end connected 
to the first radiation conductor 52a. The microstrip 
antenna 53 includes a second radiation electrode 53a 
having a rectangular shape and a length substantially 
equal to a quarter-wavelength, of which one end is open 
and the other end is connected to the ground board 51 
through a second connecting conductor 53b whereby 
the other end functions as a ground end. The open end 
of the second radiation conductor 53a of the microstrip 
antenna 53 is so arranged that it is positioned near to 
the open end of the first radiation conductor 52a of the 
inverted F-shape antenna 52. and the sides of both 
open ends are in parallel with each other. The resonant 
frequency of the microstrip antenna 53 is set to be close 
to that of the inverted F-shape antenna 52. A signal sup- 
ply 54 Is connected to the feeding conductor 52c of the 
inverted F-shape antenna 52. while the feeding conduc- 
tor 52c is insulated from the ground board 51 . 



[0005] According to the antenna device 50 configured 
as described above, a signal, input to the \rw^ '-^^ F- 
shape antenna 52 from the signal supply 54. ca the 
inverted F-shape antenna 52 to become resor ■ nd 

5 is transmitted to the miaoslrip antenna 53 t. n a 
static capacitance C53 produced between thee nd 
of the first radiation conductor 52a of the inv F- 
shape amenna 52 and the open end of the secc di- 
ation conductor 53a of the microstrip antenna r js- 

10 ing the microstrip antenna 53 to resonate. T .. the 
inverted F-shape antenna 52 and the roslrip 
antenna 53 become dout>le-resonant. Th is. the 
antenna device 50 resonates in a wider freo: :cy band 
as compared with the inverted F-shape h tenna 52 

IS solely. Thus, the antenna device 50 can be operated as 
an antenna adapted to use with a wider frequency band, 
as compared with the inverted F-shape antenna 52 
solely. 

[0006] However, according to the antenna device 40 
so shown in FIG. 6. an unnecessary interterence occurs in 
some cases so that required characteristics can not t>e 
obtained, if the intenal between the two dipoie anten- 
nas 41 and 42 is short. In order to reduce the mutual 
interference between the two dipoie antennas to a neg- 
2S ligible level, it is ra^uired to increase the interval 
between the two dipoie antennas to be at least 0.3 times 
the wavelength. As a result, this causes a problem that 
the antenna device as a whole becomes large in size. 
[0007] Furthermore, according to the antenna device 
30 50 shown in FIG. 7, the frequency band becomes wider 
to some degree as compared with that of the inverted F- 
shape antenna solely used, but the antenna device 50 
can not be operated as an antenna adapted to use with 
two frequency bands not overiapped. 

35 

.Q t ^MMARY OF THE INVENTION 

[0008] The object of the present invention is to provide 
an amenna device which Is adapted to operate in two 
40 frequency bands, in which the mutual interference 
between two amennas constituting the antenna device 
is prevented, and a radio device conprising the antenna 
device. 

[0009] One preferred emtxxJiment of the present 
45 invention provides an antenna device, comprising: a 
suk)stFate made of an insulation material and including a 
first major surface and a second major surface face; a 
ground electrode provided sut)stantially on the whde of 
the first major surface of said sii)strate; an inverted F- 
50 shape amenra, comprising: a first radiation electrode 
disposed on the second major surface of said substrate 
and having a first open end and a first ground end: a first 
connecting electrode connecting said first ground end 
and said ground electrode: and a feeding electrode pre- 
ss vided in the vicinity of the first grcxjnd end of said first 
rac£ation electrode and having one end connected to 
said first radiation electrode; 
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a nricrostrip antenna, comprising: a second radia- 
tion electrode disposed on the second ntain surface 
of said substrate and having one open second end 
and a second ground end; and a second connect- 
ing electrode connecting said second ground end 
and said ground electrode; 
the second open end of said second radiation elec- 
trode of said i nici osliip antenna and said feeding 
electrode of said inverted F-shape antenna being 
capacitively coupled to each other; and a first direc- 
tion through the first open end and the first ground 
end of said first radiation electrode being substan- 
tially perpencficuiar to a second direction through 
the second open end and the second ground end of 
said second radation electrode. 

[001 0] Another prefen-ed embodiment of the present 
invention provides a radio device comprising the above 
descrit>ed antenna device and a circuit connected 
thereto. 

[0011] Accofding to the above descried structure and 
arrangement substantially no mutual iitterlerence 
between the two antennas (the inverted F-shape 
antenna and the miaostrip antenna) occurs. The 
antenna device can be operated with two frequency 
bands without problems of the mutual interference, and 
miniaturized as well. 

[0012] In addition, the above described antenna 
device can be operated as a circularly polarized wave 
antenna by setting the resonant frequencies of the two 
antennas to be equal to each other and setting the res- 
onant phase difference of the two antennas at SO'*. 
[0013] In addition, the radio device of the present 
invention can be miniaturized. 
[0014] Other features and advantages of the present 
invention will become apparent from the following 
desCTiption of the invention which refers to the accom- 
panying drawings. 

RRIFF DESCRIPTION OF DRAWINGS 
[0015] 

FIG. 1 is a perspective view of an antenna device 
according to a first preferred embodinr^ent of the 
present invention. 

FIG. 2 is a schematic view of the antenna device of 
FIG. 1. 

FIG. 3 is a perspective view of an antenna device 
according to a seoond preferred embodiment of the 
present invention. 

FIG. 4 is a perspective view of an antenna device 
according to a third preferred embodiment of the 
present invention. 

FIG. 5 is a block diagram of a radio device accord- 
ing to a fourth prefered embocfiment of the present 
invention. 

FIG. 6 is a perspective view of an antenna device 



which is a prior art of the present invention. 

FIG. 7 is a perspective view of another antenna 

device which is a prior art of the present invention. 

5 DESCRIPTION O F THE PREFERRED EMBODI- 
MENTS 

[0016] FIG. 1 shows an antenna device according to 
a first prefen-ed embodiment of the present invention. 

10 The antenna device 1 of FIG. 1 comprises a substrate 2 
made of an irsulation material, namely, a dielectric, and 
having a L-shape, a ground electrode 2a provided sub- 
stantially on the whole of a first major surface of the sub- 
strate 2. and an inverted F-shape antenna 3 and a 

IS microstrip antenna 4 provided in the second major sur- 
face and a side surface of the substrate 2. 
[00171 The inverted F-shape antenna 3 is made ifl) of 
a first radiation electrode 3a fonned in one of the linear 
portions which constitute the L-shaped second major 

20 surface of the substrate 2. a first connecting electrode 
3b which is formed in one side surface of the sut)strate 
2 and connects the other end of the first radiation elec- 
trode 3a to the ground electrode 2a whereby the other 
end of the first radiation electrode 3a functions as a 

25 ground end. and a feeding electrode 3c provided in the 
vicinity of the ground end of the first radiation electrode 
3a and having one end connected to the first radiation 
electrode 3a. The one end of the first radiation electrode 
3a is open. The length between the one end and the 

30 other end of the first radiation electrode 3a is substan- 
tially equal to a quarter-wavelength. The other end of 
the feeding electrode 3c is connected to a signal supply 
5 and insulated from the ground electrode 2a. 
[0018] The microstrip antenna 4 is made up of a sec- 

35 ond radiation electrode 4a formed in the other of the lin- 
ear portions which constitute the L-shaped second 
major surface of the substrate 2, and a second connect- 
ing electrode 4b which is formed in one side surface of 
the substrate 2 and connects the other end of the sec- 

40 am radiation electrode 4d to the ground electrode 2a 
whereby the other end of the second radiation electrode 
4a functions as a ground end. The one end of the sec- 
ond radiation electrode 4a is open. The length between 
the one end and the other end of the second radiation 

45 electrode 4a is substantiaUy equal to a quarter-wave- 
length. 

[001 9] The open end of the second radiation electrode 
4a of the microstrip antenna 4 is positioned near to the 
feeding electrode 3c of the inverted F-shape antenna 3, 

so and a static capacitance 04 is produced between them. 
The inverted F-shape antenna 3 and the microstrip 
ant^na 4 are so arranged that directions 3x and 4x 
through the open ends and the ground ends of the first 
and second radiation electrodes 3a and 4a. respec- 

55 tively. are sul>stantially perpendicular to each other. The 
inverted F-shape antenna 3 and the nraCTOStrip antenna 
4 are so set that the frequency bands of them are diffa*- 
ent from each other. 
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[0020] According to the antenna device 1 configured 
as described above, a signal, output fr.jm the signal 
supply 5. is applied to the inverted F-p.hape antenna 3 
through the feeding electrode 3c. and is also applied to 
the microstrip antenna 4 through the static capacitance 
C4 produced between the failing el«rtrode 3c and the 
open end o< the second radiation electrode 4a. The first 
radiation electrode 3a of the inv&ted F-shape antenna 
3 and the second radiation electrode 4a of the micros- 
trip antenna 4 resonate at the quarter-wavelengths of 
the f fluencies of the signal which is appli^ to the first 
radiation electrode 3a and the second radiation elec- 
trode 4a, re^ectively. That is. they are operated as 
antennas, so that racSo waves are transmitted or 
received according to the respective f requeicy bands of 
the antennas. Japanese Unexamined Patent Publica- 
tion No. 9-98015 discloses an antenna in which a signal 
is applied to a radiation electrode through a static 
capacitance produced between a feeding electrode and 
the open end of a microstrip radiation electrode. 
[0021] Ordinarily, two antennas, if they are arranged 
near to each other, can not satisfactorily perfomn their 
functions, respectively, because of their mutual interfer- 
ence. On the otiier hand, in the antenna device 1 , the 
first and second radiation electrodes are so arranged 
that tfie directions 3x and 4x through the open ends and 
the ground ends of the first and second radiation elec- 
trodes of the two antennas, re^ectively. are substan- 
tially perpendicular to each other. Therefore, the 
polarized wave planes of radio waves radiated from the 
two antennas are substantially perpendicular, to each 
ottier. hardly causing the mutual interference between 
the two antennas. As a result, the antenna device 1. 
though it is miniaturized by positioning the two antennas 
near to each other, can be operated as an antenna 
adapted to use witii the two frequency t}ands without 
problems of tiie mutual int&ference. 
[0022] FIG. 2 schematically shows the antenna device 
1 of FIG. 1 . In FIG. 2, the first and second radiation elec- 
trodes 3a and 4a of the inverted F-shape antenna 3 and 
the microstrip antenna 4 shown in FIG. 1 are Illustrated 
re^ectively in the form of a single line. These single- 
lines for the two radiation electi-odes con-e^nd to the 
directions 3x and 4x through the open ends and ttie 
ground ends of the two antennas, respectively. 
[0023] As seen in the above description, the radiation 
electrodes of the inverted F-shape antenna and the 
microstrip antenna are not restricted on the rectangular 
shapes as shown in FIG. 1. The radiation electrodes 
may have any shape, for exantpies, a trapezoidal or tri- 
angular shape, provided that the directions through the 
open ends and the ground ends of the radiation elec- 
trodes of the two antennas, re^ectively. are substan- 
tially perpendicular to each other, as shown in FIG. 2. 
[0024] Referring to FIG. 1 . tiie guide wavelengths of a 
signal in the two antennas (wavelengtti of a signal which 
is propagated on the radiation electrodes) can be short- 
ened by forming ttie inverted F-shape antenna 3 and 



the microstrip antenna 4 on ttie substrate 2 made of a 
dielectric. Accordingly, the sizes of the two antennas 
can be reduced. As a result ttie antenna device 1 can 
be miniaturized. Especally. this effect can be enhanced 

5 by employing for ttie substiale a dielectric having a high 
permittivity. In addition, the radiation electrodes are so 
formed as to adhere closely to the substrate. Ttiis 
effective in preventing tiie radiation electrodes fr 
being vibrated so ttiat ttie characteristics are vari- 

10 which may be caused by an external vibration and t :3 
like. 

[0025] Furthermore, since the two antennas i.e.. ne 
inverted F-shape antenna 3 and ttie microstrip antenna 
4 are provided on the single sutjstrate 2, the process for 

IS acfusting tiie directions of the two antennas is unneces- 
sary, in contrast to the use of two separate antennas for 
formation of an antenna device. Assembly of the 
antenna device and mounting ttier^ on a printed cir- 
cuit board can be easily achieved. 

20 [0026] FIG. 3 shows an antenna device according to 
a second preferred emt)odimwit of the present inven- 
tion. The antenna device 10 shown in FIG. 3 comprises 
a substirate 1 1 made of an insulation material, ttiat is. a 
dielectiic and having a T-shape, a ground electrode 11a 

25 formed substantially on the whole of a first major sur- 
face of ttie substi-ate 11. and an invert«J F-shape 
antenna 12 and a micronstrip antenna 13 provided on a 
second najor surface and a side surface of the sub- 
sttatell. 

30 [0027] In ttie second preferred en*odiment. ttie 
invertaj F-shape antenna 1 2 is made tp of a first radia- 
tion electrode 12a formed on one linear portion of the T- 
shaped second major surface of ttie substrate 11 . a first 
connecting electrode 12b which is provided in one side 
35 surface of tiie substtate 1 1 and connects the other end 
of the first radiation electrode 12a to the ground elec- 
trode 11a whereby ttie other end of the first radiation 
electrode 12a functions as a ground end. and a feeding 
electrode I2c formed in ttie vicinity of ttie ground end of 
40 tiie first radiation electrode I2a and having one end 
connected to ttie first radiation electrode 12a. One end 
of the fEfst radiation electi-ode 12a Is open. The lengtti 
from ttie one end to ttie ottier end of the first radiation 
electtode 12a is substantially equal to a quarter-wave- 
rs lengtti. The other end of ttie feeding electrode 12c is 
connected to the signal supply 5 and insulated from ttie 
connecting elecbode 1 la. 

[0028] The micronsti-ip antenna 13 is made up of a 
second radiation electrode 13a formed on the other lin- 

50 ear portion of ttie T-shaped second major surface of the 
subsb-ate 11. and a second electrode 13b provided on 
one side surface of ttie substrate 1 1 and connecting the 
ottier end of ttie second radiation electrode 13a to ttie 
ground electrode 1 la. The one end of the second racfi- 

55 ation electtode 13a is open. The length from the open 
end to ttie ottier end of the sax>nd radiation electtode 
13a Is sut>stantially equal to a quarter-wavelengtti. 
[0029] The open end of ttie second radiation electrode 
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13a of the micronstrip antenna 13 is arranged near to 
the feeding electrode 12c of the invert«j F-shape 
antenna 12. and a static capacitance CI 3 is produced 
between them. Furthermore, the first and second radia- 
tion electrodes 12a and 13a of the inverted F-shape 5 
antenna 12 and the microstrip antenna 13 are so 
arrangaj that directions 1 2x and 1 3x throi#i their open 
ends and ground ends, re^ectivety. are sui>staniially 
perpendicular to each ether. Moreover, the inverted F- 
shape antenna 12 and the micronstrip antenna 13 are 10 
so set that their f r«^uency bands are different. 
[0030] The antenna device 10 configur^J as 
desaibed above can be operate as an antenna 
adapted to use with two frequency bands, as well as the 
antenna device 1. With the antenna device 10. opera- is 
tion and advantages similar to those of the antenna 
device 1 can be obtained. 

[0031] In FIGS. 1 and 3. the sutDSlrates have Land T- 
shapes, respectively. However, the substrates are not 
restricted on these shapes and may take another shape 20 
such as a prism shape, a dougnut-shape. and the like. 
In addition, as an insulation material for the substrate, 
the dielectric is ised. However, as the material for the 
substrate, a nagnetic material nray be employed. 
[0032] In the respective above prefened embcdi- 25 
ments. the inverted F-shape antffina and the microstrip 
antenna- of which the frequency bands are set different 
are described. However, the frequency bands of the two 
antennas may be overiapped or made to coincde with 
each other. The antenna device in which the fr«^uency 30 
bands of the two antennas are substantially coincident 
with each other will be describai below in reference to 
the antenna device 1. as an example, shown in FIG 1. 
which is adapted for use with a circularly polarized 
wave. 

[0033] The inverted F-shape antenna 2 and the micro- 
strip antenna 3 shown in FIG. 1 are so set that their fre- 
quency bands are substantially coincident with each 
other. According to the antenna device 1 configured as 
desaibed above, a current Is supplied directly to the 40 
inverted F-shape antenna 2 through the feeding elec- 
trode 2c and to the microstrp antenna 3 through the 
feeding electrode 3c and then the static capacitance 
C4. Therefore, in the two antennas, a resonant phase 
difference is presented with a signal having the same 45 
frequency. The resonant phase difference at the same 
frequency of the inverted F-shape antenna 2 and the 
microstrip antenna 3 can be set at 90** by properly set- 
ting the resonant frequencies of the inverted F-shape 
artenna 2 and the microstrip antenna 3 and the static so 
capacitance C4. In the antenna device 1 . by so anang- 
ing the inverted F-shape antenna 2 and the microstrip 
antenna 3 that the directions 3x and 4x through the 
open ends and the ground ends of the first and second 
radiation electrodes 2a and 3a are substantiaBy perpen- ss 
dicular to each other, whereby the circulariy polarized 
wave planes of the two antennas are perpendicular to 
each other, and nnoreover, setting the resonant phase 



difference of the two antennas at 90', the antenna 
device 1 cao:be operated as a orcuIariy-polarizoJ wave 
antenna. 

[0034] Accorcfing to the antenna device 1 , the circu- 
lariy polarized wave is a fixed wave, that is. a right- 
handed or left-handed polarized wave. As seen In an 
antenna device 20 of a third prefen-oj embodiment 
shown in FIG. 4. the rotation direction of the drcularty 
polarized wave can be reversal by changing the posi- 
tion of the microstrip antenna 4 with respect to the 
invert«J F-shape antenna 3. In FIG. 4. the positional 
relation between the inverted F-shape antenna 3 and 
the miaostrip antenna 4 is merely changed. Like or the 
same parts in FIGS. 1 and 4 are designated by the 
wne reference numaals. The desaiption of the parts 
In reference to FIG. 4 is omittal. 
[0035] A fourth preferred embodiment of the present 
Invention shown in FIG. S. is a navigation system includ- 
ing a radio devtee of the present invention wWch utilizes 
the drcularty polarized wave. 

[0036] In FIG. 5. a radio device 30 comprises an 
antenna section 31 which is the antenna devk:e 1 of the 
present invention oontigwed as a drcularty polarized 
wave antenna, provided with a radome and accommo- 
dated in a case, a receiving section 32 connected to the 
antenna section 31 . a signal processing section 33 con- 
nected to the receiving section 32. and a map system 
34. a display 35. and an interface section 36 connected 
to the sigral processing section 33. respectively. The 
antenna section 31 receives radk) waves from plural 
GPS satellites. The receiving section 32 picks up vari- 
ous signals from the radio waves. The signal processing 
section 33. based on the received signals; determines 
the present location of the radio device 30 itself, that is. 
that of a motorcar in which the radio device 30 is 
mounted, and indicates the location on the display 35 in 
cooperation with the map system 34 having a map soft- 
ware in the fonn of CD-ROM and the like, and the inter- 
face section 36 such as a remote control device and the 
like. 

[0037] According to the navigation system embodying 
a radio device equpped with the antenna device of the 
present invention, configured as descrifc)ed above, the 
radio device itself can be miniaturized, and its cost sav- 
ing can be acftiev«l. In addition, by the miniaturization, 
the design flexibility of tiie space where the antenna is 
to be placed is increased, and thereby, the cost of the 
installation of the navigation system, for example, in a 
motorcar can be reduced. 

[0038] The radk) device 34 is constructed by use of 
the antenna device 1. as desaibed above Racfio 
devices configured by using the antenna devices 1 0 and 
20 shown in FIGS. 3 and 4. respectively also present 
similar operation and advantages. 
[0039] While the invention has been partlculariy 
shown and descrtoed with reference to prefered 
embodiments thereof, it will be understood by those 
skills in the art that the forgdng and other changes in 
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form and details may be made therein without departing 
from the spirit of the invention. 

Claims 

5 

1 . An antenna device (1:10; 20). comprising: 

a sitetrate (2; 1 1 ) made of an insulation mate- 
rial and including a first major surface and a 
second major surface face; 
a ground electrode (2a; 1 ia) provided substan- 
tially on the whole of the first major surface of 
said substrate (2; 11); 

an inverted F-shape antenna (3; 12), compris- 
ing: a first radiation electrode (3a; 12a) dis- is 
posed on the second major surface of said ^ 
sut>strHte (2; 11) and having a first open end 
and a first ground end; a first connecting elec- 
trode (3b; 12b) connecting said first ground end 
and said ground electrode (2a; 1la); and a 20 
feeding electrode (3c; 12c) provided in the 
vicinity of the first ground end of said first radi- 
ation electrode (3a; 12a) and having one end 
connected to said first radiation electrode (3a; 
12a); 2S 
a micfbstrip antenna (4; 13). comprising: a sec- 
ond radiation electrode (4a; 13a) disposed on 
the second main surface of said substrate (2; 
11) and having one open second end and a 
second yound end; and a second connecting 30 
electrode (4b; 13b) connecting said second 
ground end and said ground electrode (2a; 
lla); 

the second open end of said second radiation 
electrode (4a; 13a) of said microstrip antenna 35 
(4; 13) and said feeding electrode (3c; 12c) of 
said inverted F-shape antenna (3; 12) (being 
capacitively coupled to each other: and 
a first direction (3x; 12x) through the first open 
end and the first ground end of said first radia- 40 
tion electrode (3a; 12a) being substantially per- 
pendicular to a second direction (4x; 13x) 
through the second open end and the secorxJ 
ground end of said second radiation electrode 
(4a: 13a). <5 

2. A radio device (30) conprising an antenna device 
(1 : 10; 20) and a circuit (32; 33; 34: 35) connected 
to the antenna device: 

50 

said antenna device (1:10; 20) comprising: 

a substrate (2; 11) made of an insulation 
material and including a first maior surface 
and a second major surface face: 55 
a ground electrode (2a; 1 1 a) provided sut> 
stantially on the whole of the first major 
surface of said substrate (2; 11); 



an inverted F-shape antenna (3; 12). com- 
prising: s first radiation electrode (3a; 12a) 
disposed on the second major surface of 
said sui3Strate (2; 11) and having a first 
open end and a first ground end; a fir.-t 
connecting electrode (3b; 12b) connect; > 
said first ground end and said ground el- 
trode (2a; lla); and a feeding electr-- 
(3c; 12c) provided in the vicinity of the 
grourxi end of said first radiation electrc e 
(3a; 12a) and having one end connected 10 
said first radiation electrode (3a; 12a): 
a microstrip antenna (4; 13). conprising: a 
secorxl radiation electrode (4a; I3a) dis- 
posed on the second main surface of said 
substrate (2; 1 1) and having one open sec- 
ond end and a second ground end; and a 
second connecting electrode (4b; 13b) 
connecting said second ground end and 
said ground electrode (2a; 1 la); 
the second open end of said second radia- 
tion electrode (4a; 13a) of said miaostrip 
antenna (4; 13) and said feeding electrode 
(3c; 12c) of said inverted F-shape antenna 
(3: 12) being capacitively coupled to each 
other: and 

a first direction (3x; 12x) through the first 
open end and the first ground end of said 
fffst radiation electrode (3a; 12a) being 
sitetantially perpendicular to a second 
direction (4x; 13x) through the second 
open end and the second ground end of 
said second radiation electrode (4a; 13a). 
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